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  Lan	  Zhao	  
	  
Purdue	  University	  
Developing	  Community-­‐based	  DRought	  InformaLon	  
Network	  Protocols	  and	  Tools	  for	  MulLdisciplinary	  Regional	  
Scale	  ApplicaLons	  (DRInet)	  
	  
•  NSF	  funded	  Data	  Interoperability	  project	  
•  Started	  in	  Jan.	  2009	  
•  MulLdisciplinary	  team	  	  
Carol	  Song	  (Rosen	  Center	  for	  Advanced	  CompuLng)	  
Daniel	  Aliaga	  (Computer	  Science)	  
Jake	  Carlson	  (Library)	  
Indrajeet	  Chaubey	  (Agricultural	  and	  Biological	  Engineering)	  
Rao	  Govindaraju	  (Civil	  Engineering)	  
Chris	  Hoffmann	  (Computer	  Science)	  
Dev	  Niyogi	  (Agronomy	  &	  Earth	  and	  Atmospheric	  Sciences)	  
Lan	  Zhao	  (Rosen	  Center	  for	  Advanced	  CompuLng)	  
Overview	  
ExisLng	  Tools	  &	  Systems	  	  
Indiana:	  Policy	  for	  
drought	  declaraLon	  
based	  on	  Palmer	  index	  	  
Groups	  of	  crops	  and	  weather	  
people	  we	  were	  already	  
working	  with	  
Implement	  and	  explore	  computa(onal	  infrastructure	  to	  create	  a	  
science	  base	  for	  drought	  informaLon	  collecLon,	  fusion	  of	  
heterogeneous	  data	  relevant	  to	  droughts,	  and	  for	  facilitaLng	  
the	  broadest	  possible	  parLcipaLon	  of	  the	  community.	  	  	  
Science	  quesLons	  to	  be	  addressed	  include:	  	  
•  Do	  drought	  condiLons	  currently	  exist,	  or	  are	  they	  imminent	  in	  my	  area	  of	  
interest?	  	  	  
•  What	  kind	  of	  a	  drought	  is	  this	  likely	  to	  be	  (is	  it	  analogous	  to	  a	  previous	  
period)?	  	  
•  What	  are	  the	  potenLal	  impacts?	  	  
•  What	  are	  my	  opLons	  for	  coping	  with	  this	  condiLon?	  
•  What	  addiLonal	  data	  beyond	  the	  tradiLonal	  hydroclimaLc	  datasets	  can	  
provide	  informaLon	  on	  drought	  onset	  and	  impacts?	  
These	  quesLons	  will	  be	  addressed	  both	  from	  the	  collecLon	  point	  of	  view	  as	  well	  
as	  from	  the	  view	  of	  the	  mulLplicity	  of	  consumer	  interest	  in	  the	  informaLon.	  	  	  
	  
	  	  	  
Our	  Goals	  
•  DRINET	  CI	  based	  on	  HUBzero	  
for	  
o  Online	  interacLve	  tools	  
o  Sharing	  and	  user	  parLcipaLon	  
o  One	  stop	  shop	  for	  researchers,	  
students	  and	  end	  users	  
•  Expanded	  capabiliLes	  
o  Distributed	  data	  access	  
o  Self	  data	  and	  metadata	  publishing	  	  
o  Map-­‐based	  navigaLon	  	  
o  GeospaLal	  data	  enabled	  






HMM-­‐based	  Probabilis/c	  Drought	  
Classifica/on	  
GEOSHARE	  Workshop	  -­‐	  West	  Lafayece,	  IN	   6	  
Apps	  available	  
for	  this	  data	  	  
GRASS	  and	  R	  
tools	  
Water	  deficit	  viewer	  
Data	  	  
Water	  quality	  data	  
Global	  maize	  yield	  data	  
Upper	  Mississippi	  
River	  Basin	  and	  













–  Diversity	  of	  Data	  	  
–  Diversity	  of	  Audience	  &	  Needs	  
–  Need	  for	  a	  Balance	  –	  depth	  &	  breadth;	  standards	  &	  local	  
needs	  	  
Metadata	  for	  DRINET	  
DIF	  Metadata	  Standard	  
Drought	  ClassificaLon	  
Rao	  Govindaraju	  
•  PrecipitaLon:	  NCDC	  daily	  
precipitaLon	  dataset;	  73	  staLons	  with	  
record	  length	  greater	  than	  80	  years	  
	  
	  
•  Streamflow:	  USGS	  unregulated	  daily	  
mean	  flow;	  37	  staLons	  with	  record	  length	  
greater	  than	  50	  years	  
	  
Sources	  and	  Study	  Areas	  
Joint	  Deficit	  Index	  
•  Major	  drought	  events	  in	  Indiana	  
1930	  ~	  1931	   1933	  ~	  1935	   1962	  ~	  1964	  
Water	  Deficit	  ProjecLons	  
Required 1-month 
precipitation for normalcy, 
i.e. projected water deficit
Probability of recovering 
from drought in one 
month
ProbabilisLc	  Drought	  ClassificaLon	  
1	  month	  HMM-­‐DI	  vs.	  SPI	  at	  Alpine	  2NE,	  Indiana	  





























































































CorrelaLon	  of	  nutrients	  with	  drought	  index	  




















































































§  Results	  indicate	  that	  droughts	  exert	  an	  important	  
control	  on	  water	  quality	  both	  in	  terms	  of	  
concentraLons	  and	  loads.	  
§  Limited	  data	  availability:	  11	  years	  of	  weekly	  data	  
may	  be	  insufficient	  	  for	  hydrological	  extremes	  such	  
as	  droughts.	  
§  Sustainability	  of	  new	  agricultural	  iniLaLves,	  such	  as	  




DRInet	  –	  working	  with	  
interoperability	  	  
Dev	  Niyogi	  
Indiana	  Water	  Balance	  
Supply	  side	  monitoring:	  CoCoRaHS	  
•  iClimate	  and	  NWS	  Indianapolis	  
have	  created	  a	  Community	  
CollaboraLve	  Rain,	  Hail	  and	  Snow	  
(CoCoRaHS)	  network	  for	  Indiana.	  	  
•  Currently	  over	  1500	  community	  
observers	  are	  provided	  with	  a	  rain	  
gauge	  and	  training	  by	  iClimate	  and	  
NaLonal	  Weather	  Service	  staff.	  	  
•  Observers	  monitor	  and	  report	  
rainfall	  values	  daily.	  	  
•  Data	  have	  wide	  use	  in	  drought	  
monitoring,	  runoff	  and	  water	  
quality	  studies,	  	  flooding,	  and	  
agronomic	  decisions	  on	  a	  day-­‐to-­‐
day	  basis.	  	  
Regional	  EvapotranspiraLon	  
EsLmaLon	  across	  PACs	  
•  The	  largest	  water	  loss	  in	  the	  state	  of	  Indiana	  
comes	  from	  evapotranspiraLon	  (ET)	  
•  Currently,	  there	  is	  no	  informaLon	  available	  as	  to	  
how	  much	  water	  is	  being	  lost.	  
•  Obtaining	  values	  for	  ET	  in	  the	  state	  is	  crucial	  
tounderstanding	  the	  water	  budget.	  
	  Can	  models	  be	  used	  where	  ET	  
measurements	  are	  not	  
available	  to	  extend	  an	  ET	  
climatology	  statewide	  ?	  
ET	  measurements	  
Model	  inputs	  
Indiana	  Water	  Balance	  
Demand	  side	  monitoring:	  	  ETgage	  
ETgages	  are	  located	  at	  
eight	  PACs	  and	  ACRE	  
ETgage	  water	  loss	  data	  are	  
monitored	  by	  automated	  
weather	  staLons	  and	  relayed	  
hourly	  to	  campus	  
A	  comparison	  between	  
ETgage	  measurements	  	  
and	  	  ET	  models	  at	  NEPAC	  
in	  July	  2008	  
Johnny/Ken	  
Early	  results	  show	  ET	  models	  do	  well	  in	  comparison	  to	  ET	  measurements	  
and	  may	  be	  useful	  to	  extend	  an	  ET	  climatology	  from	  PACs	  to	  all	  of	  
Indiana.	  
Next:	  	  use	  crop	  coefficients	  to	  apply	  grass-­‐reference	  ET	  to	  targeted	  major	  
Indiana	  crops,	  such	  as	  corn	  and	  soybean.	  
	  
Advising	  the	  Indiana	  Water	  Shortage	  Task	  Force	  on	  
Drought	  DeclaraLon	  
	  	  
Indiana	  drought	  atlas	  (mapping	  drought	  in	  Indiana	  and	  invesLgaLng	  the	  
appropriate	  drought	  indices	  for	  Indiana)	  –	  RecommendaLons	  now	  adopted	  by	  
Governor’s	  Water	  Shortage	  Task	  Force	  for	  declaring	  drought	  in	  Indiana	  (Indiana	  
now	  adopts	  	  Standardized	  precipitaLon	  index	  in	  place	  of	  Palmer	  drought	  index)	  
	  
These results show that the SPI efficiently detects drought 
emergency and warning and identification of drought severity 
in its early stages. 	  
 	  
High	  resoluLon	  Regional	  Soil	  Moisture/	  Surface	  
Hydroclimatology	  	  
Ø Using	  Data	  AssimilaLon	  and	  Photosynthesis	  based	  
Energy	  balance	  models	  for	  developing	  4km	  gridded	  
products	  –	  assessing	  water	  budgets,	  moisture	  





















Vigo county (urban), IN 
PDSI PM2.5 MODISx10 
RelaLng	  Droughts	  to	  Cloud	  Height	  Changes	  
•  Soil	  moisture	  is	  slower	  to	  change	  
than	  atmospheric	  moisture.	  
•  RelaLng	  it	  to	  cloud	  potenLal	  may	  
give	  a	  longer	  range	  predictability	  of	  
cloud	  &	  precipitaLon	  potenLal.	  
•  Preliminary	  results	  show	  
–  Wecer	  soil	  tends	  to	  produce	  
lower	  cloud	  base	  heights.	  
–  In	  a	  wet	  year,	  cloud	  base	  height	  
not	  as	  much	  a	  funcLon	  of	  soil	  
moisture.	  
–  Very	  dry	  soil	  can	  have	  low	  and	  
high	  cloud	  base	  heights.	  
Indiana	  Severe	  Weather	  Climatology	  
(1950-­‐2009)	  with	  GIS	  Analysis	  
•  Tornado	  Reports,	  ConvecLve	  Wind	  
Reports,	  Hail	  Reports	  (3/4	  inch	  and	  1	  
inch	  diameter),	  and	  Extreme	  Rainfall	  
Events.	  
•  DistribuLon	  analysis	  on	  yearly,	  
monthly,	  and	  hourly	  storm	  report	  
data.	  	  DistribuLon	  analysis	  on	  yearly,	  
monthly,	  and	  seasonal	  storm	  “day”	  
data.	  
•  Density	  analysis	  of	  storm	  report	  data	  
using	  ArcGIS	  with	  comparison	  of	  
report	  distribuLon	  to	  elevaLon	  and	  
landcover.	  
•  30-­‐year	  climatology.	  
How	  Indianapolis	  is	  affecLng	  regional	  rainfall	  
and	  thunderstorms?	  
a).	  Indianapolis	  NWS	  base	  
reflec/vity	  valid	  0033	  UTC	  June	  
14.	  	  b).	  15.7o	  /lt	  valid	  0033	  UTC	  
June	  14.	  	  
Thunderstorms	  are	  	  intensified	  and	  lead	  
to	  heavier	  rains	  a`er	  passing	  over	  
Indianapolis	  region.	  
	  
Important	  from	  city	  planning	  and	  green	  





Urban	  Weather	  Modeling	  
•  The	  local	  weather	  in	  a	  city	  is	  significantly	  affected	  by	  
materials	  and	  geometry	  
•  Use	  our	  behavioral-­‐geometrical	  modeling	  system	  to	  
generate	  the	  urban	  morphology	  	  
•  Visualize	  effect	  of	  adopLng	  different	  urban	  policies	  
and	  urban	  geometries	  
Urban	  Weather	  Modeling	  
Data	   Result	  
Buildings	  




Urban	  Weather	  Modeling	  
New	  fully	  instanLated	  city	  model	  is	  produced	  Modify	  land	  use	  (e.g.,	  
applicaLon	  of	  greening	  policy)	  




0°C	   +1°C	   -­‐20mm	  
	  





Temperature	   Rainfall	  
•  Drought	  characterizaLon	  
•  Uncertainty	  
•  QuanLficaLon	  
•  Environmental	  impacts	  
•  Air	  and	  water	  quality	  
•  Decision	  tools	  
•  Focus	  on	  urban	  resilience	  
•  Agricultural	  resilience	  
•  CommunicaLon	  
Future	  DirecLons	  
•  Integrate	  into	  urban	  and	  social	  planning:	  how	  can	  we	  change	  city's	  
and	  how	  can	  be	  change	  people's	  acLviLes	  in	  the	  face	  of	  drought?	  
•  Provide	  economic	  assessment	  tools,	  for	  instance,	  of	  $$$	  impact	  of	  
short-­‐term	  drought	  and	  thus	  idenLfy	  the	  benefit	  of	  a	  technology	  
upgrade	  to	  deal	  with	  less	  water	  and	  benefit	  of	  altering	  crop/land-­‐
use	  based	  on	  drought	  
•  ImplemenLng	  DIF	  metadata	  records	  for	  all	  data	  sets	  in	  DRINET;	  
collaborate	  with	  other	  data-­‐driven	  projects	  to	  invesLgate	  
interoperability	  and	  repurposing	  of	  data	  
•  Analyze	  drought	  implicaLons	  using	  water	  quality	  acributes	  
simulated	  by	  a	  watershed	  model	  (e.g.	  SWAT).	  	  
•  Detailed	  study	  of	  water	  quality	  data	  to	  understand	  drought	  
indicators	  using	  probabilisLc	  approaches.	  
•  Sustainability	  of	  biofuel	  producLon	  impacted	  by	  climate	  variability	  
and	  change.	  
Future	  Work	  
•  Are	  we	  missing	  any	  data	  sources	  that	  can	  be	  added	  to	  drought	  monitoring	  that	  we	  are	  
currently	  either	  not	  collecLng	  well	  or	  are	  unable	  to	  incorporate	  into	  the	  analysis	  due	  
to	  monitoring,	  mobilizing,	  calibraLon	  or	  lending	  issues?	  	  What	  are	  the	  modes	  and	  
approaches	  to	  engage	  these	  datasets?	  Are	  there	  issues	  of	  ground	  survey	  to	  assess	  
calibraLon,	  validity	  etc?	  Are	  there	  any	  other	  hindrances?	  
•  Can	  drought	  assessment	  handle	  uncertainty,	  for	  example,	  as	  indicated	  in	  DRInet?	  How	  
can	  it	  be	  addressed	  within	  drought	  indices	  and	  decision	  making?	  What	  are	  useful	  ways	  
for	  this	  informaLon	  to	  be	  conveyed	  to	  end	  users?	  
•  If	  uncertainty	  is	  accepted	  in	  drought	  classificaLon,	  what	  is	  the	  best	  mechanism	  for	  
engaging	  this	  informaLon	  into	  impact	  assessment	  or	  vulnerability	  calculaLons?	  
•  What	  are	  vulnerabiliLes	  in	  the	  urban	  areas,	  and	  how	  are	  they	  different	  from	  ag	  
applicaLons?	  	  
•  Can	  urban	  areas	  (i.e.,	  dense	  locaLons	  where	  people	  live	  and	  use	  water)	  be	  improved/
altered	  so	  that	  their	  water	  consumpLon	  is	  less?	  	  
•  Is	  this	  a	  priority	  or	  is	  it	  more	  of	  a	  concern	  for	  agriculture?	  	  
•  When	  there	  is	  drought,	  there	  is	  less	  water	  in	  general,	  so	  how	  much/directly	  does	  this	  
affect	  urban	  areas?	  	  
•  Should	  we	  address	  this	  as	  part	  of	  same	  drought	  monitor,	  with	  a	  special	  concern	  
secLon	  for	  urban	  areas?	  
•  What	  longer	  term	  resilience	  opLons	  are	  there	  for	  droughts?	  
•  Where	  is	  drought	  in	  educaLon?	  
Panel	  QuesLons	  
